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ABSTRACT 

We perform a detailed comparison of the present LEP data with the one-loop 
standard-model predictions. It is pointed out that for m t = 174 GeV the "bulk" 
of the data prefers a rather large value of the Higgs mass in the range 500-1000 
GeV, in agreement with the indications from the W mass. On the other hand, 
to accommodate a light Higgs it is crucial to include the more problematic data 
for the t F-B asymmetry. We discuss further improvements on the data taking 
required to obtain a firm conclusion. 



Given the experimental evidence for the mass of the top quark m t = 174 ± 17 
GeV from CDF M, it should be possible to obtain from the precise LEP data 
a precious piece of combined information on the remaining unknown parameters 
of the theory, namely the Higgs mass and the strong-interaction coupling 
constant at the Z-mass scale a s = a s (M z ). The value of a s , essentially deter- 
mined from the relative magnitude of the peak cross sections in the hadronic and 
leptonic channels, is of primary importance both for a test of perturbative QCD 
and for a comparison with Grand Unified Theories of strong and electroweak 
interactions. The effect of the Higgs boson, the remnant of Spontaneous Sym- 
metry Breaking, on the other hand, is rather weak since rrih enters the one-loop 
electroweak predictions only logarithmically and, at present, one can only hope 
to separate out the heavy Higgs- mass range (say rrih ~ 500-1000 GeV) from the 
low mass regime rrih ~100 GeV as predicted, for instance, from supersymmetric 
theories. 

In this Letter we shall present a detailed comparison between the present 
LEP data, as reported by ALEPH, DELPHI, L3 and OPAL in §, and one- 
loop electroweak predictions for several values of rrih and a s . Our analysis has 
been essentially motivated after exploring the range of rrih associated with the 
measurement of the W mass: M w = 80.23 ± 0.18 GeV @j. As pointed out in 
0, in fact, the values of M w and rrit slightly favour a rather heavy Higgs boson 
even though, within their present experimental errors, no definite conclusion is 
possible at present. Therefore, it becomes important to explore the corresponding 
information from LEP.0 

In this context, the role of the a s — m h interdependence needs to be discussed 
in some detail. In a previous analysis of the precision LEP data (line-shape, F-B 

" 1 Our purpose is to study what information on rrih we can draw from the various high-energy 
precision data. We do not consider the LR asymmetry by SLD || since it is already known 
(within the standard model) that its present value demands a very heavy top (> 200 GeV: see, 
e.g., ||) for the experimental bound rrih > 61.5 GeV |7|, or conversely m/j must be much lower 
than this bound when taking account of mt =174 GeV. 
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asymmetries, r-polarization, • • •), it has been stressed by Montagna et al. M that 
there is a non-negligible positive rrih — a s correlation. Namely, for a given top- 
quark mass in the range allowed by the CDF data, the 95% CL contour includes 
larger values of rrih when a s is allowed to vary above the Deep Inelastic Scattering 
(DIS) prediction a s (M z ) = 0.113 ± 0.005 or the determination from the hadronic 
shape events a s (M z ) = 0.123 ± 0.006 ||. In this situation, constraining a s in 
a fixed range (say a s = 0.118 ± 0.007) may introduce uncontrolled errors in the 
analysis of the purely electroweak data and, in our opinion, should be avoided. 
This is even more true if one wants to consider more ambitious theoretical frame- 
works since even the simplest example of SUSY Grand Unification (with squarks 
and gluinos in the 100 GeV mass range) requires a s = 0.125 or larger fLOf . We 
stress that our intention is not to provide the "best" values of rrih and a s . There- 
fore, to keep the analysis as simple as possible, we shall first restrict to a fixed 
value of the top-quark mass m t = 174 GeV and discuss the indications for the 
Higgs mass. 

To start with, we present in Table I the experimental data relevant for our 
analysis. No averaging has been performed. These are the available, individual 
results from the various Collaborations as quoted in and the meaning of the 
various quantities is the same as in 0. The theoretical predictions in Table II, 
for several values of a s and rrih representative of the overall situation, have been 
obtained with the computer code TOPAZ0 by Montagna et al. |ll|]. Finally, for 
the convenience of the reader, in Tables III- VI we report the partial and total 
X 2 for the various experiments and in Table VII the sum of the \ 2 f° r the four 
Collaborations. 

Tables I - VII 



A few comments are in order: the global values of the x 2 m Table VII confirm 
that a s lies at ~ 3a from the DIS prediction a s = 0.113 ± 0.005 (here, our 
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result is in very good agreement with the general analysis of |12|] which gives 
a s = 0.127 ± 0.005). Further, by inspection of Table I one finds evidences for 
some systematic effect in the r F-B asymmetry. This effect seems to be common 
to all experiments and it is confirmed from the following remark. Let us consider 
the global averages reported in |2|] 

A° FB (e) = 0.0156 ± 0.0034 average (1) 

A° FB (fi) = 0.0141 ± 0.0021 average (2) 

A° F b (t) = 0.0228 ± 0.0026 average (3) 
and transform the averages for A e and A T |2j 

A e = 0.135 ± 0.011 average (4) 
A T = 0.143 ± 0.010 average (5) 
into "equivalent" F-B asymmetries by using the standard model formula 

A° FB (l) = \a\ (6) 

A FB (2) = ~A e A T (7) 

we find 

A° FB (l) = 0.0137 ±0.0023 (8) 

A° FB (2) = 0.0145 ±0.0023 (9) 

in very good agreement with Eqs.(l,2) but not with Eq.(3). Therefore, there may 
be some problem in the direct measurement of A° fb (t) since all other measure- 
ments are in excellent agreement with each other. Just to have an idea of the 
effect, if the data for the r F-B asymmetry are omitted in the evaluation of the 
X 2 we find the results illustrated in Table VIII which one should compare with 
Tables III- VII. The "bulk" of the LEP data, namely those well consistent with 
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each other, show no preference for a light Higgs boson and the best values of the 
X 2 are obtained for a large value of m^, just as in the case of the W mass reported 
in 



Table VIII 



Finally, to have an idea of the dependence on m t , we report in Table IX and 
Table X the total \ 2 f° r mt=160, 174 and 190 GeV including all data or excluding 
A° fb {t). As first noticed by Ellis et al. || [L3J, by increasing (decreasing) the top- 
quark mass a larger (smaller) value of is favoured and the shape of the y 2 is 
well consistent with all values of the Higgs mass. For m t = 174 GeV, however, 
Table IX and Table X give rather different information and it becomes crucial to 
include the more problematic data for A° fb {t) to accommodate values nih ~ 100 
GeV. 



Tables IX and X 



Conclusions: we do not know whether Tables VIII and X represent a more 
faithful representation of the real physical situation than Tables VII and IX. Most 
likely, our results suggest only that further improvement in the data taking is 
needed for a definitive answer. Our analysis confirms that the possibility to obtain 
precious information on the Higgs mass is not unrealistic if the top-quark mass 
is measured with a higher precision at the Tevatron. However, if we really want 
to explore the full potentiality of LEP for a precise determination of in the 
standard electroweak theory, many systematic effects have still to be understood 
and much more stringent tests have to be performed. To this end, a precise 
scanning of the Z resonance with 4 or more points at high statistics off peak 
cannot be postponed anymore ( ~ 90% of the total events have been collected at 
the pole ). Further, a high luminosity phase of LEP I, where each collaboration 



- 5 - 



will detect millions of Z's per run and the purely statistical errors will become 
negligible, is needed to obtain a definitive consistency check of the systematics of 
the various experiments. 
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Note added in proof 

After completing this work, new data for the top mass have been published by 
the DO and CDF Collaborations 0. Their results, m t = 199^?(stat.)±22(syst.) 
GeV from DO and m t = 176±8(stat.)±10(syst.) GeV from CDF, favour a slightly 
higher (m t = 180 ± 12 GeV) than the one mainly used in our analysis and enforce 
the preference for a rather heavy Higgs particle deduced from the "bulk" of the 
LEP data. Tables IX and X become as follows if we add a term ((mt — 180)/12) 2 
to the x 2 computation: 

(Table IX) 





0.113 


0.125 


0.127 


0.130 


m h (GeV) 


100 


100 


500 


1000 


m t (GeV) =160 


48.4 


38.7 


42.9 


46.9 


=174 


43.9 


38.1 


36.7 


38.5 


=190 


47.6 


45.6 


37.9 


36.6 




(Table X) 








0.113 


0.125 


0.127 


0.130 


m h (GeV) 


100 


100 


500 


1000 


m t (GeV) =160 


39.1 


29.2 


29.8 


31.6 


=174 


36.3 


30.3 


25.7 


25.8 


= 190 


41.8 


39.8 


29.3 


26.6 
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TABLES 





ALEPH 


DELPHI 


L3 


OPAL 


T z (MeV) 


2495.9 ±6.1 


2495.1 ±5.9 


2504.0 ±5.8 


2494.5 ±6.1 




41.59 ±0.13 


41.26 ±0.17 


41.44 ±0.15 


41.47 ±0.16 


Re 


20.67 ±0.13 


20.96 ±0.16 


20.94 ±0.13 


20.90 ±0.13 


R^ 


20.91 ±0.14 


20.60 ±0.12 


20.93 ±0.14 


20.855 ±0.097 


R T 


20.69 ±0.12 


20.64 ±0.16 


20.70 ±0.17 


20.91 ±0.13 


A° FB (e) 


0.0212 ±0.0054 


0.0207 ±0.0073 


0.0109 ±0.0081 


0.0060 ± 0.0066 




0.0189 ±0.0039 


0.0128 ±0.0037 


0.0132 ±0.0048 


0.0124 ±0.0035 


A°fb(t) 


0.0253 ± 0.0043 


0.0209 ±0.0057 


0.0299 ±0.0073 


0.0193 ±0.0044 


A e 


0.127 ±0.017 


0.140 ±0.028 


0.154 ±0.023 


0.122 ±0.032 




0.137 ±0.014 


0.144 ±0.024 


0.144 ±0.020 


0.153 ±0.023 



Table I. The experimental data from the four LEP Collaborations. 
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0.113 


0.125 


0.127 


0.130 


m h (GeV) 


100 


100 


500 


1000 


r z (MeV) 


2494.2 


2500.7 


2496.5 


2495.1 


a had (nh) 


41.506 


41.444 


41.434 


41.421 


Re 


20.706 


20.786 


20.787 


20.798 


Rfj, 


20.706 


20.786 


20.787 


20.798 


R T 


20.753 


20.834 


20.835 


20.846 


A° FB (e) 


0.0170 


0.0169 


0.0154 


0.0147 




0.0170 


0.0169 


0.0154 


0.0147 


A° FB (r) 


0.0170 


0.0169 


0.0154 


0.0147 


A e 


0.1505 


0.1502 


0.1433 


0.1400 




0.1505 


0.1502 


0.1433 


0.1400 



Table II. We report the theoretical predictions at various values of a s (M z ) and 
rah for a fixed top-quark mass m t = 174 GeV. These predictions have been 
obtained with the computer code TOPAZ0 by G. Montagna, O. Nicrosini, G. 
Passarino and F. Piccinini. 
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ALEPH 





0.113 


0.125 


0.127 


0.130 


m h (GeV) 


100 


100 


500 


1000 


r z 


0.08 


0.62 


0.01 


0.02 


Chad 


0.42 


1.26 


1.44 


1.69 


Re 


0.08 


0.80 


0.81 


0.97 


R/x 


2.12 


0.78 


0.77 


0.64 


R T 


0.28 


1.44 


1.46 


1.69 


A° FB (e) 


0.60 


0.63 


1.15 


1.45 




0.24 


0.26 


0.81 


1.16 


A°fb(t) 


3.73 


3.82 


5.30 


6.08 


A e 


1.91 


1.86 


0.92 


0.58 


A T 


0.93 


0.89 


0.20 


0.05 


TOTAL x 2 


10.4 


12.4 


12.9 


14.3 



Table III. Individual and total x 2 from the ALEPH Collaboration at various 
values of a s (M z ) and m h for m t =17 A GeV. 
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DELPHI 





0.113 


0.125 


0.127 


0.130 


m h (GeV) 


100 


100 


500 


1000 


r 2 


0.02 


0.90 


0.06 


0.00 


&had 


2.09 


1.17 


1.05 


0.90 


Re 


2.52 


1.18 


1.17 


1.03 


Rn 


0.78 


2.40 


2.43 


2.72 


R T 


0.50 


1.47 


1.49 


1.66 


A° FB (e) 


0.26 


0.27 


0.53 


0.68 


A° FB (n) 


1.29 


1.23 


0.49 


0.26 


A° FB (r) 


0.47 


0.49 


0.93 


1.18 


A e 


0.14 


0.13 


0.01 


0.00 


A T 


0.07 


0.07 


0.00 


0.03 


TOTAL x 2 


8.1 


9.3 


8.2 


8.5 



Table IV. The same as in Table III for the DELPHI Collaboration. 
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L3 





0.113 


0.125 


0.127 


0.130 


m h (GeV) 


100 


100 


500 


1000 


r z 


2.85 


0.32 


1.67 


2.35 


Chad 


0.19 


0.00 


0.00 


0.02 


Re 


3.24 


1.40 


1.39 


1.19 


R/x 


2.56 


1.06 


1.04 


0.89 


R T 


0.10 


0.62 


0.63 


0.74 


A° FB (e) 


0.57 


0.55 


0.31 


0.22 




0.63 


0.63 


0.21 


0.10 


A°fb(t) 


3.12 


3.17 


3.95 


4.33 


A e 


0.02 


0.03 


0.22 


0.37 


A T 


0.11 


0.10 


0.00 


0.04 


TOTAL x 2 


13.4 


7.9 


9.4 


10.2 



Table V. The same as in Table III for the L3 Collaboration. 
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OPAL 





0.113 


0.125 


0.127 


0.130 


m h (GeV) 


100 


100 


500 


1000 


r z 


0.05 


1.03 


0.11 


0.01 


Chad 


0.05 


0.03 


0.05 


0.09 


Re 


2.23 


0.77 


0.76 


0.62 


R/x 


2.36 


0.51 


0.49 


0.34 


R T 


1.46 


0.34 


0.33 


0.27 


A° FB (e) 


2.78 


2.73 


2.03 


1.74 




1.73 


1.65 


0.73 


0.43 


A°fb(t) 


0.27 


0.30 


0.79 


1.09 


A e 


0.79 


0.78 


0.44 


0.32 


A T 


0.01 


0.01 


0.18 


0.32 


TOTAL x 2 


11.7 


8.2 


5.9 


5.2 



Table VI. The same as in Table III for the OPAL Collaboration. 
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ALEPH+DELPHI+L3+0PAL 



a s 0.113 0.125 0.127 0.130 

m h (GeV) 100 100 500 1000 

TOTAL x 2 43.6 37.8 36.4 38.2 



Table VII. Total x 2 f° r the four Collaborations. 



a s 


0.113 


0.125 


0.127 


0.130 


m h (GeV) 


100 


100 


500 


1000 


ALEPH 


6.7 


8.6 


7.6 


8.2 


DELPHI 


7.6 


8.8 


7.3 


7.3 


L3 


10.3 


4.7 


5.4 


5.9 


OPAL 


11.4 


7.9 


5.1 


4.1 


TOTAL x 2 


36.0 


30.0 


25.4 


25.5 



Table VIII. Total x 2 f° r the four Collaborations by excluding the data for 
A° fb (t). 
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ALEPH+DELPHI+L3+0PAL 



m t (GeV) 


a s 


0.113 


0.125 


0.127 


0.130 




m h (GeV) 


100 


100 


500 


1000 


160 




45.6 


35.9 


40.1 


44.1 


174 




43.6 


37.8 


36.4 


38.2 


190 




46.9 


44.9 


37.2 


35.9 



Table IX. Total x 2 f° r the four Collaborations at various values of m t . 



ALEPH+DELPHI+L3+OPAL 



m,(GeV) 


a s 


0.113 


0.125 


0.127 


0.130 




m h (GeV) 


100 


100 


500 


1000 


160 




36.3 


26.4 


27.0 


28.8 


174 




36.0 


30.0 


25.4 


25.5 


190 




41.1 


39.1 


28.6 


25.9 



Table X. Total x 2 f° r the four Collaborations at various values of m t by excluding 
the data for A° fb (t). 
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